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Introduction to Utilizing the Space Station 


Purpose 

The purpose of this Introduction to Utilizing the Space Station is to introduce 
potential users to the capabilities, resources and accommodations of the Space 
Station Program. It provides information on the various elements of the Space 
Station Program and discusses how the science, technology and commercial com- 
munities can benefit from the use of these elements. A user integration scenario 
is provided to show the types of activities and milestones a typical investigator may 
encounter during the payload development and integration process. 


Scope 

This guide is intended for distribution to a wide selection of potential users 
(NASA, other Government agencies, academia, industry and commercial) who 
are interested in flying payloads that make use of U.S.-provided Space Station 
resources and accommodations. Reference is made to the international elements 
of the Station; users may have access to a certain percentage of international 
resources through NASA, but investigators who wish to be sponsored by a Partner 
should contact the Partner directly. 

Though this document will be useful to commercial users of the Station, it 
does not address the specific needs of commercial developer/operators who will 
provide Station elements or hardware. 


This document was prepared by the Jet Propulsion Laboratory, California 
Institute of Technology, under contract with the National Aeronautics and 
Space Administration. It was sponsored by the Utilization Division of the 
Office of Space Station. 


Suggested revisions to the document should be submitted to the authors, 
Laura Crary and Randy Cassingham, in care of the Jet Propulsion Laboratory, 
4800 Oak Grove Drive, Pasadena CA 91109. 
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I. INTRODUCTION 

The Space Station is a permanent, manned complex, with associated 
spacecraft service facilities and unmanned platforms, assembled in space with the 
support of the U.S. Space Shuttle. Offering both the accessibility to payloads of- 
fered on earlier manned flights and the long duration of experiments previously 
feasible only on unmanned spacecraft, the Space Station creates a unique new op- 
portunity for the conduct of space research. 

The Station will be a national laboratory, operated and evolved in response to 
user interests. These users will come from the commercial sector, the technology 
development community, and the science and applications community, both 
domestic and international. 


The Space Station will be operational in the 1990s. Plans for user participa- 
tion in the Program should begin now, as NASA’s intention is to utilize the 
Station’s unique environment to the fullest extent possible for the conduct of 
science and the development of new technologies. This document is the first step 
for those individuals who are interested in using the Space Station. 


Background 

The idea of a space station has been the subject of NASA studies dating back 
to the 1960s. In the early 1970s, scientists and crew aboard the first U.S. space 
station, Skylab, performed experiments in long duration, manned space flight. 
However, Skylab was not equipped for resupply of key expendable items, and 
consequently could not be used over a multi-year period. 


Plans for a space station sup- 
ported by a reusable space shuttle 
were formalized in 1970, but the 
space station was deferred pending 
development of the shuttle, which 
became operational in 1982. In 1984, 
NASA was mandated by the Presi- 
dent to permanently occupy a space 
station “within a decade”, and work 
began on the design, development 
and deployment of a permanent 
facility that would provide a sus- 
tained, evolutionary commitment to 
manned presence in space. 


A number of designs for the 
Space Station have been suggested 
and studied by NASA and industry. 
From the beginning, the goal of the 
Space Station Program has been to 
design the Station to accommodate 
user needs rather than to launch a 
facile design that users would have to 
adapt to. The current configuration 
is a modular system that will begin 
modestly and grow in capability and 
size to satisfy Program requirements 
as they evolve over time. 


A closeup view of the first U.S. space station — Skylab — in orbit. This 
photo shows Skylab 3 as it appeared to the crew as it approached 
for docking. The Skylab 3 mission lasted 59 days. 
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Program objectives 
The main objectives of the Space Station Program are critical to realizing the 
goal to assure U.S. leadership in space and the goals outlined by the National 
Commission on Space. These objectives are: 
@ to enhance and evolve mankind’s ability to safely live and work in space 
@ to establish a permanently manned Space Station in Earth orbit by 1996 
@ to stimulate technologies of national importance (especially automation and 
robotics) by using them to provide Space Station Program capabilities 
@ to provide affordable and continually improving facilities for scientific, 
technological and operational activities enabled or enhanced by the presence 
of man in space 
@ to promote substantial international cooperative participation in space 
@ to provide for the evolution of the Space Station Program to meet future 
needs and challenges. 


Space Station Program organization 

The Space Station Program is managed by NASA using a tiered management 
structure, led by the Office of Space Station. The Office of the Associate Ad- 
ministrator for Space Station is referred to as Level I, and has responsibility for 
overall program and policy direction consistent with direction from the NASA 
Administrator. Level Il, the Space Station Program Office (SSPO), is responsible 
for developing the Program as a whole. Responsibility for development of in- 
dividual elements and distributed systems of the Program rests with Level III, 
composed of the project offices located at five NASA field centers: Kennedy 
Space Center, Marshall Space Flight Center, Johnson Space Center, Goddard 
Space Flight Center, and Lewis Research Center. The Program is also supported 
by Ames Research Center, Langley Research Center, the National Space Tech- 
nology Laboratory, and the Jet 
Propulsion Laboratory. 

Internationally, the Space 
Station Program is supported by 
the Program’s Partners: the 
European Space Agency, the 2 
Japanese Science and Technology 
Agency, and the Canadian Mini- 
stry of State for Science and CoM iW § 
Technology. International 
cooperation is leading to an ex- 
pansion of the capabilities of the 
Space Station and the prospect of 
even greater cooperative space 
ventures in the future. This inter- 
national participation is en- 
couraged through arrangements 
between NASA and the Partners 
that ensure a broad distribution 
of technical, scientific, and com- 
mercial opportunities. § Inves- 
tigators who need detailed 
information about a Partner’s 
Space Station elements or resour- 
ces should contact the Partner 
directly (see Appendix 4). Space Station Program organization. 
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ll. THE SPACE STATION 


General description 

As announced in April of 1987, the Space Station is to be built in two main 
phases. Phase I consists of the construction and operation of a manned base or- 
biting Earth at an altitude of approximately 220 nautical miles, two polar-orbiting 
Platforms, and associated ground-based facilities. Phase II will expand the Space 
Station to a dual keel configuration, providing enhanced capabilities through 
evolutionary growth. 


Phase I 

The major physical elements of the Phase I configuration provided by the 
United States include pressurized habitation and laboratory modules for conduct- 
ing experiments in the microgravity environment, accommodations for attached 


payloads, the flight telerobotic servicer (FTS), logistics elements, and a polar-or- 
biting Platform. The ground-based infrastructure needed for Space Station 
operations, including facilitics for mission control, launch processing, and training 
and testing, will also be provided. 

The Phase I configuration also includes elements provided by the Program’s 
international Partners. These include the Japanese Experiment Module (J EM), a 
Japanese-supplied experiment logistics module, the initial phase of the Canadian 
mobile servicing system (MSS), and ESA’s Columbus laboratory module and un- 
manned polar-orbiting Platform. 
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- The Phase I Station features a 360 foot horizontal boom which supports the 
manned core modules, power and cooling systems, external payloads, and sup- 
porting systems. The four pressurized modules of the Station are linked by 
resource nodes, which are passageways outfitted with racks providing extra space 
for equipment. Photovoltaic power modules supplying a total of 75 kw are located 
at either end of the boom. Attachment points for external payloads are also 
provided along the boom. 


Phase II 

The Space Station is designed to facilitate evolution. Specific design 
provisions (“scars”) have been incorporated to allow increases in resources and 
the addition of new functional capabilities to accommodate a changing user com- 
munity. Several options are under study. The current “reference option” for 
Phase II, the enhanced capabilities phase of the Program, will augment the Phase 


The enhanced capability “Phase II" Space Station configuration. 


I configuration by adding side keels and upper and lower booms for increased at- 
tached payload accommodations, a satellite servicing facility, a co-orbiting Plat- 
form, and accommodations for a Station-based orbital maneuvering vehicle 
(OMV). Power levels will be boosted by the addition of a “solar dynamic” power 
system — a solar-heated turbo-generation system. Also, the thermal control sys- 
tem will be enhanced to provide greater heat rejection. 

Flexibility for growth will be a major factor in future decisions affecting Space 
Station configuration. Evolution of the Space Station will result in both quantita- 
tive changes in capability (such as an increase in powcr generation level) and 
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qualitative changes leading to new functional capabilities. Whenever possible, 
system and subsystem designs will facilitate the incorporation of new technologies. 


Space Station Program Elements 

The Space Station complex consists of three primary Space Station Program 
Elements. The first and most widely discussed Program Element is the manned 
“core” or base — in fact, there is a tendency to think of the base as “the Space 
Station.” The other two Program Elements, the polar-orbiting and co-orbiting 
Platforms, are also vital components of the Program. 


The manned base 

The manned base or “core” comprises all the Partner-supplied manned ele- 
ments of the Program. This includes the various modules, facilities and support- 
ing structures, which are referred to as Space Station Elements. Each of these 
Elements, with the exception of parts of the Mobile Servicing System and the 
Maintenance Depot, will be included in the Phase I configuration. These Ele- 
ments are: 


U.S.-Provided Elements 
(Pressurized) 

e Habitation module 

@ Laboratory module 

@ Resource nodes (4) 
MANEUVERING e Airlock 

VEHICLE e Hyperbaric airlock 

@ Logistics elements 


U.S.-Provided Elements 

(Unpressurized) 

e Truss assembly 

@ Mobile transporter (MSS Base) 

@ Flight telerobotic servicer (FTS) 

@ Attached payload 
accommodations 

@ Servicing facility 

@ Power generation facilities 

@ Propulsion modules 

@ Logistics carriers 


Relative orbits of the Space Station Program Elements. 


Partner-Provided Elements (Pressurized) 
@ Columbus module (ESA) 
@ Japanese Experiment Module (Japan) 
@ Experiment logistics module (ELM) (Japan) 


Partner-Provided Elements (Unpressurized) 
@ Mobile servicing system (MSS) (Canada) 
@ MSS maintenance depot (Canada) 
@ Japanese Experiment Module’s exposed facility (Japan) 


Orbit parameters 

The Station and the co-orbiting Platform will be established in low-Earth 
orbit (LEO) at inclinations near 28.5 degrees. This inclination serves two pur- 
poses: the majority of missions planned for the Station can be accommodated at 
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Orbit Parameters 


Station Base Orbit Parameters (at completion of construction) 
@ Operational Altitude: 180-270 nmi (290-430 km) 
@ Inclination: 28.5 degrees 
@ Orbit Shape: Circular 
@ Drag (maximum): 0.2 x 10 (-6) g 
@ Reboost: approx. 90 day intervals 
@ Orientation: torque equilibrium attitude 
@ Deadband: 5 degrees peak-to-peak 
@ Knowledge: .01 degrees, 3 sigma 


Co-Orbiting Platform Orbit Parameters 
e@ Operational Altitude: 250-540 nmi (400-860 km) 
@ Inclination: 28.5 degrees 
@ Orbit Shape: Circular 


Polar-Orbiting Platform-Orbit Parameters 
@ Orbit type: Sun synchronous 
@ Operating Altitude Range: 310-560 nmi (500-900 km) 
Inclination: 98.7 degrees 
USS. Platform: Ascending node at 1300-1400 h local time 
ESA Platform: Descending node at 0830 to 1030 h local time 


this inclination, and 28.5 degrees is the inclination to which the maximum payload 
can be delivered by the Space Shuttle. The polar Platform will be in sun- 
synchronous, low-Earth orbit at a near-polar inclination of about 98.7 degrees. 


Attached payload outfitting 

Payloads attached externally to 
the Station base structure are ac- 
commodated by at least two attach- 
ment points located on the truss 
framework, each outfitted with 
power, thermal regulation, and data 
system interfaces. More attachment 
points may be added during Station 
evolution. 

Attached payloads which re- 
quire orientation to specific targets 
will be accommodated by the 
payload positioning system (PPS). 
which will provide a certain deyree 
of positioning accuracy. Payloads 
which require extreme pointing 
resolution (on the order of a few arc 
seconds) will be required to provide 


their own pointing systems. PAYLOAD AND PPS ASSEMBLY 
An attitude determination sys- 

tem (ADS) will provide attitude MULTIPLE PAYLOAD ASSEMBLY 

knowledge to payloads which require 

it. Some examples of “attached payloads“ — unpressurized payloads 


that will be mounted on the Space Station's outside structure. 
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Artist’s conception of life inside the Habitation module. 


Pressurized modules 

The four pressurized modules on the Station provide a large amount of space 
for payloads and the crew. Each of these modules is included in the Phase I con- 
figuration. The U.S.-built habitation and laboratory modules, however, will be 
fully outfitted and operational before the launch of the international modules. 


The European Space Agency and Japan will provide additional modules. All 
modules will be pressurized to 14.7 psi with air consisting of 80 percent nitrogen 
and 20 percent oxygen, approximating normal Earth atmospheric conditions at 
sea level. All modules are outfitted for power, heat rejection, environmental con- 
trol and life support, data handling, and long duration crew support. 

The U.S.-provided modules will each have space for 44 double-wide equip- 
ment racks. The Columbus module will have space for 40 double-wide racks, the 
Japanese Experiment Module will have space for 24 double-wide racks. Some 
rack space will be used for storage, permanent equipment, and Station systems. 
The four modules and resource nodes will provide a combined total of ap- 
proximately 31,000 cubic feet of pressurized volume. 


Forty-five dobule racks will be available to U.S.-sponsored users. This will in- 
clude 29 in the U.S. laboratory module (about 20 will be available for user- 
provided experiments and support equipment, the rest will contain 
Station-provided lab support equipment such as glove boxes, incubator, freezer, 
cameras, etc.) About 10 racks will be available to U.S. users in the Columbus 
module, about six in JEM. 


The placement of the modules is designed to allow the crew to leave any par- 
ticular module quickly during an emergency to a safe haven, which provides tem- 
porary shelter and supplies for crew protection during emergencies. Modules can 
be sealed from one another to keep fires or dangerous gasses from spreading 
throughout the Station. 


U.S. laboratory 

The U.S.-provided laboratory module is designed to accommodate projects 
that are most sensitive to accelera- 
tion — that is, those which need 
stable microgravity levels. Such 
projects include materials research 
and development, and research in 
basic biology, physics, and 
chemistry. These projects tend to 
be of long duration and benefit 
greatly by the presence of a crew. 

The extremely low acceleration 
levels required in the laboratory 

2 NASA} module (approximately 10°g for 

yo2e| limited periods of time) will be 
ee provided by maintaining the 
Station’s center of gravity in the lab 
module for the majority of the time. 
The lab module may also have spe- 
cial provisions for vibration isola- 
tion. 


Habitation 
>: - The habitation module is out- 
fitted to be a pressurized accom- 
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modation area for both resting and 
active crewmembers. Habitation 
outfitting involves the provision and 
resupply of consumables such as 
food and toilet supplies. The habita- 
tion module will include facilities for 
health services, recreation, waste dis- 
posal and other essential services to 
support the crew. 


Columbus laboratory 

The Columbus laboratory 
module, provided by ESA, is a multi- 
purpose laboratory module for inter- 
national utilization. It is designed 
primarily for research in the fields of 
fluid physics, life sciences, and 
materials processing. 


Japanese Experiment Module 

The Japanese Experiment 
Module (JEM) is equipped to ac- 
commodate general scientific and 
technology development research 
activities, including microgravity re- 
search. The module also contains a 


Ginx 


Still Needed 


The Columbus laboratory module, supplied by the European Space 


Agency, is designed to accommodate a wide range of scientific 
investigations. 


multipurpose workstation, which may include controls for attached payloads and 
servicing. In addition, it includes an exposed (unpressurized) area for the attach- 
ment of external payloads and a remote manipulator arm with control center. 


Logistic Elements 
The logistics elements consist of four 
types of carriers to transport cargo to the 


Station. The four logistics elements are 


the pressurized module, the unpres- 
surized cargo pallet, the propellant pallet, 
and the fluids pallet. The logistics ele- 
ments provide for the ground-to-orbit, on- 
orbit supply and storage, and 
orbit-to-ground logistics requirements for 
the Space Station, including the supply of 
consumables and the return of finished 
products from payloads. 


Logistics elements are carricd to the 
Station in the Shuttle’s cargo bay. Various 
combinations of elements may be used in 
each resupply flight. Upon reaching the 
Station, the logistics elements may be ex- 
changed for elements brought to the Sta- 
tion on previous flights. Waste materials 
generated at the Station are returned to 
the ground via the logistics modules. 


The experiment logistics module 
(ELM), supplied by Japan, is a pres- 


The Japanese Experiment Module (JEM) includes an external 
“back porch” to accommodate unpressurized payloads. The 
servicing arm is conrtolled from the experiment logistics 
element on top of the module. 


Introduction to Utilizing the Space Station 


15 April 1988 @ Page 9 


surized logistic module which will be used to store and resupply experimental 
specimens, gases and consumable goods, and will be used to transport materials 
between JEM and Earth. 


Resource Nodes 

The resource nodes are pressurized, environmentally controlled elements 
that will link the main modules together. They are designed to accommodate pas- 
sage among the modules, provide a limited amount of storage area, and house 
various types of control equipment. 


Servicing facilities 

A primary function enabled by the presence of the crew is payload and 
spacecraft servicing. The Space Station includes several facilities and systems to 
perform servicing. 


Mobile Servicing System 

The mobile servicing system (MSS), provided by Canada, plays the 
predominant role in satisfying the functions of external attached payload servic- 
ing, Space Station assembly and external maintenance, transportation for deploy- 
ment and retrieval activities, and extravehicular activity (EVA) support. The MSS 
is comprised of a base structure with accommodations for payloads, orbital re- 


, 


Ch een 200 1014 (0 OR, oN 
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placement units (ORUs), utilities and thermal control. Included with this struc- 
ture is the Space Station remote manipulator system or “arm”, as well as special 
purpose dexterous manipulators and servicing tools. The MSS also provides for 
external and internal control stations for crew operation. 

As an adjunct to the MSS, Canada is providing the MSS maintenance depot 
(MMD). The MMD is the location for MSS spare parts storage, MSS self repair, 
and maintenance of major Space Station and attached payloads. Initial construc- 
tion of the MSS takes place during Phase I. With its completion and the addition 
of the U.S. servicing facility during Phase II, the Station will be fully equipped to 
service other spacecraft. 


US. servicing facility 

As a part of Phase II evolution, a U.S.-provided servicing facility bay will be 
positioned on the truss framework to allow protected access to payloads and free- 
flying vehicles for servicing. The facility contains an in-bay manipulator system 
that is teleoperated from a control station. The control station operator will be 
able to grasp a payload, draw it into the servicing facility, 
and position it for refueling, maintenance, or repair by 
spacesuited crew members. 


The servicing facility provides an integrated servicing 
and refueling capability. It includes necessary hardware 
and distributed systems to berth, store, assemble, and 
repair spacecraft; refuel gases and fluids; and refurbish 
and check out free-flyers and attached payloads brought to 
the servicing facility. The servicing facility enables the fol- 
lowing kinds of activities: 

@ Replacement or repair of scientific instruments 

@ Replenishment of consumables, including fuel 

@ Replacement of limited lifetime subsystems and 
components 

@ Replacement or repair of failed modules, subsystems, 
and parts 

e Assembly of free-flyers, instruments, and attached 
payloads 

@ Replacement of spacecraft or instrument subsystems 
to improve performance with new technology 

@ Storage of attached payloads, orbital replacement 
units (ORUs), instruments, and tools 

@ Test and verification of hardware following servicing 

e On-orbit accommodation of the OMV between sorties 

e Retrieval and redeployment 


Flight Telerobotic Servicer 

The flight telerobotic servicer (FTS) is a multipurpose 
tool for the performance of dexterous manipulations in 
support of Space Station assembly and maintenance, ser- 
vicing of attached payloads both in situ on the Station and 
in the servicing bay, and — when working from the OMV 
or the Shuttle — in situ servicing of free-flyers and plat- 
forms. The FTS can function by teleoperation or ina su- The Flight Telerobotic Servicer will be controlled 


pervised autonomy mode from a workstation in the Shuttle from the Station and will be able to perform 
or Space Station. The use of the FTS will help reduce the manipulations and servicing functions. It will 
EVA workload of astronauts. enhance some EVA functions and perhaps 


reduce the need for EVA. 
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The ESA-provided Columbus polar-orbiting Platform. 
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Platforms 

In addition to the core Space Station, the Space Station Program design of- 
fers unmanned “platforms” that provide accommodations and resources separate 
from the manned Station base. A platform is a serviceable, orbiting, multi-use 
structure capable of supplying resources and utilities to changeable payloads, and 
is dependent upon the Space Station Program for its long term operation. Plat- 
forms are not a new idea — they have been a part of most space station concepts 
since the 1920s. 

The Space Station Platforms provide facilities for users to conduct long term, 
autonomous, unmanned missions and investigations. Accommodations will be 
made for dedicated or combined missions in the fields of astrophysics, solar ex- 
ploration, Earth observations, and materials processing. Each Platform is 
powered by its own onboard photovoltaic electric generators. 


Polar 

Two polar-orbiting Platforms 
are included in the Phase I Station 
configuration. One is being 
developed by the U.S., the other by 
ESA. The polar-orbiting Platforms 
are designed to accommodate 
payloads designed primarily for 
Earth observations, which require a 
sun-synchronous type of orbit. 

The elements of the manned 
base are launched into a low inclina- 
tion orbit in order to maximize the 
Shuttle’s payload-carrying capacity. 
However, the ability to view a major 
portion of the Earth is sacrificed by 
doing this because a spacecraft in 
low inclination orbit passes over only A co-orbiting Platform will be launched by the U.S. as part of the 


the portion of the Earth contained in enhanced capability phase of the Space Station Program. The 
a relatively narrow band of latitudes. co-orbiting Platform will be servicable from the Station base, 
The polar Platforms will orbit in a allowing for easy maintenance and instrument changeout. 


much higher, near-polar inclination, 

which will enable the viewing of every point on Earth. Due to its higher orbital in- 
clination, the polar-orbiting Platform will not be serviced from the Station base, 
but by the Shuttle or a robotic vehicle launched by an ELV. 


Co-orbiting 

A co-orbiting Platform, developed and operated by the U.S., will be added 
during Phase II. The co-orbiting Platform is designed to accommodate a wide 
range of space science, materials processing, and other payloads. The astronomy 
and astrophysics communities are currently considered as the primary users of the 
co-orbiting Platform. 

The co-orbiting Platform will be in approximately the same orbit as the 
manned base, but at a slightly higher altitude. It will be accessible from the Space 
Station base via the orbital maneuvering vehicle for payload changeout and servic- 
ing, 
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Station subsystems and functions 

The resources needed by users will be made available by accessing the various 
Station subsystems. Each subsystem has its own set of attributable functions 
which may or may not be required by each individual payload. The resources and 
services described in this section are the result of extensive system and subsystem 
analyses as well as numerous investigations into the kinds of experiments and 
work assignments that users have proposed. The result is a generalized set of 
capabilities that can accommodate the requirements of science, technology and 
commercial users. 


Space Station Subsystems 

1. Environmental control and life support system (ECLSS) 
2. Propulsion system 

3. Thermal control system 

4. Fluid management system (FMS) 

5. Communications and tracking system 

6. Guidance, navigation, and control system (GN&C) 

7, Data management system (DMS) 

8. Power system 


Environmental Control and Life Support 

The environmental control and life support system (ECLSS) provides 
temperature and humidity control, atmospheric supply and revitalization, fire 
detection and suppression, water recovery and management, waste management, 
and EVA support. 


Propulsion 

The Station’s propulsion system compensates for drag by the upper atmos- - 
phere to keep the Station at the desired altitude and attitude. Fuel for propulsion 
will be brought to the Station by the Shuttle, but assessments are being made to 
determine the feasibility of using hydrogen and oxygen from waste water for 
propulsion. 

While orbital decay can be compensated for by the continuous firing of 
microthrusters, drag will instead be corrected by the firing of much larger 
thrusters every 90 days or so. This allows the Station to drop in altitude peri- 
odically to coincide with resupply trips by the Shuttle. After rendezvous and 
resupply, the Station will fire onboard thrusters to regain operational altitude. 


Thermal Control System 

The thermal control system (TCS) will maintain the temperature of the struc- 
ture and components of the Station within specified limits. In addition to passive 
thermal control measures such as insulation, surface coatings and isolators, waste 
heat acquisition and transport will be provided by each module to collect and 
transport waste heat generated by the Station, crew, and payloads. Waste heat 
will be transported to cooling radiators mounted on the Station truss via an am- 
monia loop. 


Fluid Management System 
The fluid management system (FMS) will provide facilities for the storage 
and transfer of fluids, primarily liquid nitrogen, water, and waste. 
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Guidance, Navigation and Control 

The guidance, navigation and control (GN&C) system controls guidance, 
navigation, altitude, attitude, and proximity operations and traffic during all mis- 
sion operations. The system establishes Station position with respect to stars or 
the Earth, then maintains that position according to defined requirements. The 
GN&C system also points the power system and thermal radiators to provide the 
most efficient operation. 

The GN&C system uses well established technology which will allow users to 
predict the exact orbit speed, attitude, and altitude at all times, providing users 
with a stable base from which they can fine point their instruments. 


Power 

The Phase I Space Station provides 75 kw of electrical power to operate the 
Station and payloads. Approximately 45 kw of the 75 kw generated will be avail- 
able to user payloads. Several internal racks will be outfitted for about 15 kw of 
maximum power; most racks will be allotted a maximum of 3 kw. A maximum of 
about 10 kw will be deliverable to external attached payloads. 


During the time the Station is hidden from the sun by Earth’s shadow, bat- 
teries will be used to provide electrical power, so electrical power levels will be 
constant during all stages of orbit. Platforms will operate with their own power 
systems. 


Station power will initially be generated by photovoltaic cells. In the future, 
solar dynamic heat engines will be added to supply additional power. 


Crew services 


Intravehicular activity 

Intravehicular activities (IVA) are tasks performed by crewmembers inside 
the pressurized modules of the Space Station. Standardized workstations are 
available in all locations where work is to be done. Each workstation has access to 
the communications and data management systems. 


A typical crew compliment consists of eight persons, including two Station 
operators, one designated as Station commander, the other deputy Station com- 
mander. Of the remaining six, at least four will be Station scientists (career Sta- 
tion science generalists trained to install, operate and observe user payloads and 
experiments) and the remainder will be payload scientists (non-career crewper- 
sons who function as science specialists for designated payload applications and 
types). The crew will work two four-person shifts. 


Extravehicular activity 

Extravehicular activity (EVA) is any operation performed by spacesuited 
crewmembers outside the Space Station. A significant amount of EVA will be re- 
quired to assemble the Station. After regular operations have commenced, EVA 
will be used to service external payloads and to maintain and enhance the Station. 
Some EVA servicing will be assisted by, or replaced by, robots commanded from 
the Space Station. 

During initial Station construction, astronauts will be protected by the same 
space suits now used on the Space Shuttle. Since the pressure of the Shuttle suit is 
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Astronaut William F. Fisher, anchored to a foot restraint on the end of the Shuttle’s “arm”, 
works on the Syncom IV-3 satellite. Such Shuttle missions proved the utility of manned 
presence to perform repair tasks in space. 


much lower than the pressure in the Shuttle or Station, the crewmember must 
breathe pure oxygen (known as prebreathing) for several hours before leaving the 
Station in order to avoid decompression sickness. 


To avoid delays of prebreathing, a new Space Station spacesuit is under 
development. The new suit will be a hard, high pressure suit that maintains an in- 
ternal pressure of at least 8.4 psi, which allows EVA with little or no prebreathing. 
The shortened preparation time of a hard suit significantly adds to EVA produc- 
tivity by lengthening the time that the astronaut can be outside the Station. Also, 
the new suit will require significantly less on-ground servicing than the current 
Shuttle suit. 


To enhance the capabilities of astronauts performing EVA, the astronauts 
will use the manned maneuvering unit (MMU), allowing manned free-flying 
operations around the Station out to at least a 300 meter distance. MMUs were 
used on the Shuttle and have proven to be effective in support of EVA. 


EVA capabilities 
The following tasks have been identified as representative of EVA 
capabilities: 
@ Inspection, photography and manual override of payload systems and 
mechanisms 


Introduction to Utilizing the Space Station 
15 April 1988 @ Page 16 


@ Installation, removal, and transfer of film cassettes, material samples, and 


instrumentation 
@ Operation of equipment, including standard or special tools, cameras, and 
cleaning devices 


e Cleaning of optical surfaces 

e Connection, disconnection, and stowage of fluid and electrical umbilicals 

@ Replacement and inspection of modular equipment and instrumentation on a 
payload 

@ Remedial repair and repositioning of antennas and solar arrays 

@ Activating, deactivating, or conducting extravehicular experiments 

@ Mechanical extension, retraction, or jettison of experiment booms 

@ Removal or installation of protective covers or launch tiedowns 

e Transfer of cargo 

e Large structure assembly or construction 

@ On-orbit satellite servicing 


Space Station Information System 

The goal of the Space Station Information System (SSIS) is to provide infor- 
mation and data handling for the users (onboard crew and customers) of the 
Space Station complex. 

NASA’s tracking and data relay satellite system (TDRSS) is the primary 
space-to-ground communications resource used by the SSIS. (TDRSS is ex- 
plained in more detail later in this document.) Alternative tracking and data ac- 
quisition facilities will be integrated as they evolve. The European and Japanese 
tracking and data relay satellites will be able to provide alternative and additional 
communications resources for the SSIS. 

The SSIS is comprised of data processing and communications hardware and 
software on the Space Station and Platforms, relay satellites in space, receiving 
stations, data handling centers, and control and processing centers on the ground 
and the interconnections between them. SSIS is functionally organized into two 
elements: the data management system (DMS) and the communications and 
tracking (C&T) system. 


Telescience 

Science operations will be conducted within the Space Station Program ac- 
cording to the transaction management approach to payload control and resource 
management. This concept is based on reactive control rather than command 
checking and depends on preplanned envelopes of resources needed for a par- 
ticular experiment. This approach will provide the remote interactive operations 
of flight instruments from distributed user facilities. 


(More TBD) 


Data Management System 

The data management system (DMS) controls the storage and transmission 
of downlink data, video, and voice through TDRSS. The architecture of the 
DMS, which is the onboard portion of the SSIS, consists of two local area net- 
works, network interface units, mass storage devices, and a family of standard 
data processors. One of the networks will carry Station engineering and 
housekeeping data, the other will carry low rate (about 10 mbps or less) payload 
commands and data to and from user payloads. High rate payloads will be ser- 
viced by dedicated buses connecting them to the communications and tracking 
system. The maximum total data rate from the manned base will be about 300 
mbps; attached payload points and internal racks will be limited to about 50 mbps 
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each. 


The DMS provides data storage, processing and handling, and onboard net- 
working services to accommodate most user requirements. It employs common 
hardware, software, and standard interfaces and formats when cost effective and 
when other objectives are not compromised. 


The DMS can store sufficient engineering and payload data to provide ade- 
quate buffering during communications outages. Outages will occur when the 
Station passes through the approximately 15 minute-per-orbit zone of exclusion 
and when the Station antennas are turned to the next tracking and data relay 
satellite (TDRS). User data will be stored only as long as necessary for the user 
to verify acceptable data quality, subject to a specific time limit to be established 
by the Program. Acceptance of the delivered data by the investigator releases the 
SSIS from any further data storage obligation. 


Communications and Tracking 

The communications and tracking (C&T) system provides for the transmis- 
sion, reception, distribution, data storage, signal processing, and controlling of 
audio, telemetry, commands, data, video, text and graphics, and tracking data for 
all elements of the Space Station Program. The tracking function monitors the 
location of the Space Station and other spacecraft in the vicinity of the Station. 


Security provisions 
- The SSIS provides data privacy for users of the Space Station. Privacy con- 
sists of file protection, password implementations, and other standard security 
functions employed in a typical information processing facility. Protection of user 
voice and video data is also provided. The SSIS allows users to employ additional 
command and data privacy mechanisms which are compatible with the SSIS com- 
mand management policy. 


Supporting programs 

This section describes some NASA 
programs which will be utilized to support or 
enhance the capabilities of the Space Station 
Program. 


« National Space Transportation System 
; The National Space Transportation Sys- 
* tem (NSTS) encompasses all hardware sys- 
tems and support equipment, facilities, and 
-, personnel to deliver payloads to Earth orbits 
and to perform on-orbit operations and ex- 
'* periments. The Shuttle, the principal ele- 
.. ment of the NSTS, remains the nation’s 
primary launch system for both national 
security and civil government missions, and it 
% 3 Will be utilized by the Space Station Program 
tjacceqi in several ways: 
ieea e@ Delivery of the various Space Station 
Elements 
e Assembly and checkout of the Space 


The Space Shuttle will be used to carry the Space Station into Station systems 
orbit for assembly, to launch and return payloads, and to e Transportation of crew members 
ferry crews between the Station and Earth. .  @ Transportation of user payloads and 
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materials to and from the Station 
@ Periodic logistics flights to the Station to support ongoing operations. 


The Shuttle will be the launch and return transportation system for the 
Program elements and for the U.S. polar-orbiting Platform during Phase I. (An 
exception is the ESA Platform which may be launched by the Ariane.) Other 
transportation systems are being considered for use during Phase II. 


Tracking and data relay satellite system 

The tracking and data relay satellite system (TDRSS) is used for communica- 
tions between space and Earth. TDRSS, which has been used in the past to sup- 
port Shuttle missions, is an evolving system of Earth-based receiving stations and 
geostationary satellites which relay data from space to Earth. As the Space Sta- 
tion orbits the Earth, communications will break when, after leaving the opera- 
tional area of one TDRSS satellite, the Station’s antenna is rotated to acquire a 
view of the next satellite. 


The equivalent of two TDRSS single access links (Ku band plus S band) have 
been allocated to the Space Station Program, one link for the Space Station base 
and the other for shared use by the Platforms. 

Users may, if desired, supply their own communications equipment as part of 
their payloads for direct communications to facilities on Earth without going 
through the TDRSS network. This includes data from the core Station (and its at- 
tached payloads), free-flyers, and Platforms. 


Orbital Maneuvering Vehicle 

The orbital maneuvering vehicle (OMV) is a reusable, remote controlled 
free-flying vehicle which performs propulsion and retrieval functions for other or- 
biting spacecraft. It is designed to be 
operated from either the Station or 
the Space Shuttle. The OMV is 
projected as an important element of 
the Space Transportation System 
and, although it will not considered 
to be an element of the Space Station 
Program until it is based there in the 
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characteristics: 

@ Transfer of spacecraft to and from the Space Station base for servicing 

@ Spacecraft delivery, retrieval, reboost, deboost, and viewing 

@ The utilization of a cold gas reaction control system (RCS) for minimum 
contamination during final docking maneuvers 

e@ The ability to service satellites at geosynchronous orbit in conjunction with 
an orbital transfer vehicle (OTV) 

@ The ability to grow in capability to accommodate various mission kits for 
special servicing tasks such as refueling or module exchange. 


Orbital Transfer Vehicle 

The orbital transfer vehicle (OTV) is a larger, more powerful spacecraft than 
the OMV, and will be capable of hauling large payloads up to high altitudes. The 
OTV will enable advanced space endeavors such as geosynchronous delivery of 
large platforms and missions to the moon and the planets. It can also retrieve 
satellites from higher orbits. A failed satellite, for example, could be brought 
down to the Station for repair or refueling. The OTV has not yet been scheduled 
for production. 
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Ill. SPACE STATION USERS 


User classes and disciplines 

A “Space Station User” is any individual, group or agency responsible for the 
development and/or operation of a payload or mission utilizing a component of 
the Space Station Program. User classes expected to participate in the Space Sta- 
tion Program include science and applications research, technology development, 
cooperative commercial, and reimbursable users. Cooperative commercial users 
are those performing research and development activities under cooperative 
agreements with NASA. Reimbursable users are those who will pay their own 
way on the Station, and primarily include non-NASA government agencies, such 
as the National Oceanic and Atmospheric Administration, and commercial firms. 
The terms “investigator” and “user” are used interchangeably in this document. 

Users will conduct experiments in a broad range of fields. Research dis- 
ciplines which are considered particularly appropriate for Space Station payloads 
are listed below. 


Science 


Astronomy and astrophysics 

The Space Station will accelerate the pace of research in astronomy and 
astrophysics, disciplines that have benefitted greatly from access to space in the 
past. While the new generation of space observatories, such as the Hubble Space 
Telescope, do not require the Station for regular operations, they will be able to 
use Station resources for servicing, regular maintenance, repair, and for instru- 
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still needed 


The Space Telescope may be one of a class of non-Space Station payloads that make use of 
the Station’s servicing capabilities to extend its life in orbit. 
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ment replacement, updating and reconfiguration. This will contribute to an in- 
creased lifespan for these instruments. 

The Program also provides co-orbiting Platforms and attachment points on 
the Station’s truss structure for payloads, such as instruments to enhance gamma- 
ray, ultraviolet, optical, infrared, radio and X-ray astronomy. The enhanced 
capabilities phase could expand Station resources to accommodate the assembly, 
operation and deployment of new large scale science facilities to support on-orbit 
research or exploratory missions of the solar system. 


Solar system exploration 

Research into the evolution and composition of our solar system can be en- 
hanced by long duration experiments that collect data and samples from the 
Space Station. Studies of meteorites and interplanetary dust particles collected in 
the upper atmosphere have contributed fundamental information to the planetary 
sciences, and may provide evidence of extraterrestrial life. 


For future missions to the planets and other bodies, the Space Station may ac- 
commodate the assembly of spacecraft that are larger and more complex than 
those built on the ground, permitting new laboratory studies of extraterrestrial 
materials. 


Solar-terrestrial processes 

The sun-Earth system can be studied from the Space Station complex by com- 
bining remote sensing techniques, active experimentation, and co-orbital free- 
flyers. The solar-terrestrial processes discipline encompasses the study of the 
entire sun-Earth system, including the detailed study of solar processes, the 
relationship between changes in the sun and resulting changes in the Earth’s mag- 
netosphere and atmosphere, and the detailed physics of the Earth’s magneto- 
sphere-ionosphere-atmosphere system. The study of the sun, magnetosphere, and 
atmosphere will require measurements from the Station’s manned core as well as 
from the Platforms. 


Earth observations 

The field of Earth observations consists of activities related to the study of the 
structure and resources of the Earth and its environment. Since Earth observing 
activities demand high pointing accuracy and low disturbance, they are best per- 
formed on unmanned platforms. Most Earth observing instruments will be placed 
on the polar Platforms because the polar orbits provide global coverage. 
However, opportunities also exist for observations from the Space Station Ele- 
ments in low inclination orbits. 


Life sciences 
A primary goal of life sciences research on the Space Station will be to under- 
stand the effects of microgravity on living organisms. This interest is focused in 
three directions: understanding subtle physiological processes which are masked 
by gravity; research into phenomena such as space adaptation syndrome and os- 
teoporosis, which may provide insight into similar illnesses on Earth; and research 
into the long term effects of weightlessness — an important topic considering the 
long duration of crew shifts on the Space Station base. 
Although considerable knowledge about the adaptation of the human body to 
a weightless environment has been gained from Skylab and some recent Shuttle 
experiments, much still needs to be learned about the mechanisms and limits of 
human adaptation to prolonged spaceflights. Without this knowledge, it is impos- 
sible to gauge the possible physiological and psychological consequences of 
. prolonged exposure to this environment. The development of countermeasures 
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for the untoward effects of microgravity is a major research goal. Currently, life 
science research activities are of primary interest to NASA, the Partner govern- 
ments, and to the academic community, though private sector interest may grow 
as the capabilities of the manned base become more apparent. 

Life sciences research will also involve space medicine studies, gravitational 
biology studies of how gravity has shaped and affected life on Earth, and remote 
observation of the ecology of the Earth. As in the past, much of what will be 
learned in space will have direct impact on improving the quality of life on Earth. 


Materials science 
Materials science is one of the most promising fields planned for the Space 


pe 
By Space Station 
1-3 METER CENTRIFUGE 
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and Supporting systems 


Gravitational force can be simulated in the microgravity environment of the Space Station by the centrifugal 
force created by a centrifuge. The centrifuge can be used to hold biological specimens at normal Earth 
gravity levels to serve as experiment controls, or they may be spun at rates that maintain fractional levels 
of artificial gravity to determine “thresholds” for various effects of weightlessness. 


This artist's conception shows the centrifuge in the “floor”. The astronaut in the foreground is loading a 
cage into a glovebox so tissue samples can be taken. Freezers, computer workstations and other life 
Science support equipment are also depicted. 
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Station’s facilities, and will involve science, technology and commercial users. 
Materials science is aimed at developing a better understanding of how 
microgravity affects materials and processes. Results from this research will lead 

‘to improvements in Earth- and space-based processing techniques. Pilot produc- 
tion processes will also be developed. 


Major areas of materials science research include biological, organic and 
pharmaceutical substances; inorganic crystals; advanced glasses and ceramics; 
metals and alloys; combustion technologies; and polymer chemistry. Microgravity 
science users often have significant power requirements and need access to a 
highly stable microgravity environment. 


Technology development 

The availability of the Space Station complex as a facility for conducting in- 
space research, technology, and engineering experiments will contribute to the 
success of manned spaceflight by permitting more sophisticated and longer dura- 
tion activities. Benefits from space-based technology experiments will include the 
reduction of costly ground-based simulations, improvement of design margins, im- 
proved technology transfer, and the reduction of the risk factor in space develop- 
ment and operation. As in the past, many of these technologies will be transferred 
to other government agencies and the private sector to improve technology and 
the quality of life on Earth in a surprising number of ways. 


As a means of understanding the scope of in-space experiments, the NASA 
Office of Aeronautics and Space Technology has selected seven themes into 
which any given space technology experiment can be classified. These categories 
are described below. 


Space structures (dynamics and control) 

As space systems of the future become increasingly large and flexible, the 
issue of interaction of controls and structures becomes extremely important. Be- 
cause of their size and the inability of large space structures to be self supporting 
in a one-g environment, on-orbit testing and experiments are needed. New con- 
trol devices and techniques must be tested, and basic observations must be col- 
lected. The general goals of this discipline are to obtain data to validate Station 
characteristics, to provide a technology base for large space structure assembly, to 
investigate the many aspects of flexible structures control, and to provide a basis 
to update ground-based models and simulations. 


Fluid management 

In-space experiments will be needcd not only to characterize the fundamental 
nature of fluids, but also to develop the means to handle fluids in space. This is 
applicable to space-based materials processing, life support, propulsion system 
servicing, thermal management, and advanced sensor systems. A vital element of 
future materials science research will be the development of processing techni- 
ques designed for a microgravity environment to mix new alloys, pharmaceuticals, 
and other ultrapure substances. Such techniques will ultimately lead to “con- 
tainerless processing”. Several Shuttle experiments have attested to the success of 
developing these techniques, but the long duration enabled by the Space Station 
makes it an ideal environment for further experiments. Another early emphasis in 
this theme will be to provide research data for the long term storage and transfer 
of cryogenic fluids in space. 


Space environmental effects 
This theme is primarily concerned with the effects upon humans and artificial 
objects in orbit. At issue is not only natural phenomena, such as trapped radia- 
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tion or spacecraft charging, but also contamination and manmade orbital debris. 
In-space experiments can be used to characterize effects of the space environment 
upon computer systems and their components, materials, power systems, and 
humans. Research will establish a technology data base for the development of 
long life materials and coatings, provide a complete characterization of the local 
Space Station environment, and improve the understanding of in-space effects 
upon microelectronic and electro-optic data systems. 


Energy systems and thermal management 

The need to understand the behavior of new energy systems and the manage- 
ment of heat sources has led to space-based experiments and demonstrations. 
Prime energy and power systems such as solar powered heat engines, nuclear 
power, and electrodynamic power generation are among those competing techni- 
ques which need to be investigated. Many of these concepts are tied to the growth 
of the Space Station. 


The thermal management portion of this theme revolves around the need to 
manage heat sources. Applica- 
tions such as sensor technology 
and propulsion systems will re- 
quire the manipulation of ultra- 
cool liquids. Initial emphasis in 
this theme will be to fully 
evaluate advanced solar dynamic 
power systems, subsystems, and 
components, and to develop a 
technology base for advanced 
radiator concepts. 


Information systems 
Information systems tech- 
nology involves the areas of sen- 
sor systems, computer and data 
systems, and communications 
systems. The overall goal is to 
develop information systems 
: that will provide more efficient 
| and effective transfer of data 
from sensors to users via intel- 
ligent, autonomous systems. 


Sensor experiments are in- 
_ tended to enable in situ charac- 
‘terization and optimization of 
- -ysensor system elements, and to 
- evelop new remote sensing op- 
tions. The objectives of data sys- 
tems experiments are to provide 
an on-orbit electronics qualifica- 
tion capability, to evolve high 
speed onboard signal processing 
technology, and to develop large 
capacity onboard data storage 
and retrieval technology. The 
communications discipline is 
aimed at enabling new com- 


The low gravity levels in space enable 
the manufacture of liquids and other 
substances that are impossible to 
create on Earth. This “drop 
dynamics madule” flew on the 
Shuttle, and proved that liquids 
could be mixed and manipulated 
without the use of physical 
containers. 
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munications options and providing a capability for in-space communications sys- 
tem characterization and optimization. Each of these technologies have direct 
uses on Earth. 


Automation and Robotics 

Automation and robotics (A&R) comprise those technologies that will per- 
mit automatic control of a variety of functions. Automation refers to the control 
of physical processes partially or completely independent of human intervention. 
At the highest level, automation includes the performance of cognitive tasks, such 
as scheduling, planning, fault diagnosis, and decision making. Robotics is a 
branch of automation that utilizes technologies and devices that enable the per- 
formance of manipulative tasks, such as grasping, positioning, or moving an ob- 
ject. 

A&R is of particular importance to the future of space systems, especially its 
potential to extend man’s reach in the environment of space. A&R technologies 
will be beneficial in such areas as payload engineering, payload operations and 
control, ground and space communications network management, and satellite 
and payload servicing. Since human resources in space are limited, the introduc- 
tion of autonomous systems will relieve 
the crew from monotonous, routine or 
dangerous tasks and allow them more 
time to focus on operations and research 
activities. Robotic systems can be used 
to advantage in the assembly of large 
space structures, servicing, and docking. 
Advantages accrue not only from poten- 
tial cost savings in comparison to many 
hours of expensive extravehicular ac- 
tivities by the crew, but also from the 
reduced exposure of crewmembers to 
| space, thereby improving safety margins. 


In-Space operations 

The plan for the permanent 
presence of humans on an orbiting Space 
Station requires a re-examination of is- 
sues pertaining to space operations. In- 
vestigations into new technologies for life 
support systems, servicing, and tether 
systems are key areas. Because one of 
the major features of the Station is to act 
as a “node” in a larger space operational 
structure, technologies dealing with ser- 
vicing of orbital transfer vehicles and 
satellites must be addressed early. 


Commercial 
The Space Station will help NASA 
further the United States’ goal of ex- 
. we # panding private sector investment and in- 
~ Sn “5 ; =—— volvement in civil space activities. 
Views of Earth from space allow for a unique view of the planetary Commercial users of the Space Station 
environment. This high resolution radiometer shows Italy. will be private sector companies that 


wish to perform research, development, 
or pilot production activities taking ad- 
Introduction to Utilizing the Space Station 
15 April 1988 @ Page 26 


vantage of the characteristics of the space environment. These commercial 
projects will aim at developing profitable products and services in space for sale 
to consumers on Earth and for other space activities. 


The existence of the Space Station will naturally spark interest in new 
products and processes, as well as new business opportunities. Commercial en- 
tities will generally venture into space if there are substantial benefits such as cost 
reductions or profit opportunities not available in Earth-based efforts. To protect 
private sector interests, provisions for onboard handling, support, and restriction 
of access to proprietary equipment and information will be provided. 


Several research disciplines may offer numerous opportunities to the com- 
mercial community; these include materials processing, telecommunications, 
Earth and ocean observations, and industrial services. 


Materials processing 

Materials processing activities will utilize the Station’s long duration 
microgravity environment to examine the role of gravity on material properties. 
Results from materials processing research will lead to materials that cannot 
presently be made on the ground. Commercial activities will most likely focus on 
high value, low weight materials such as pharmaceuticals, electronic materials, 
glasses, crystals, metals and alloys. 


Telecommunications 

The telecommunications industry will benefit from the Space Station through 
cost savings for communications satellites, and enhanced satellite capabilities or 
performance. The Space Station will provide commercial opportunities in the 
communications field as a control center for satellite transmissions, a relay and 
switching network, and as a base for the assembly and servicing of communica- 
tions platforms. Commercial firms may also use the Space Station to investigate 
new technologies, such as multi-beam antennas, satellite relays, and optical com- 
munications. 


Earth and ocean observations 

Earth and ocean observations made from orbit provide vast amounts of infor- 
mation on the Earth’s environment and its resources. Commercial opportunities 
exist in the collection and dissemination of remote sensing data from satellite sys- 
tems. The Space Station can enhance current satellite technology in ways outlined 
for the telecommunications industry above. Also, the Space Station can support 
co-orbiting free-flyers that will continuously collect remotely sensed ocean and 
land data. 


The need for remotely sensed ocean data for weather, oceanographic, and 
navigation hazards clearly exists in the private sector. Industries such as shipping, 
fishing, and oil and gas exploration depend on accurate ocean data. 

Similarly, there is a need for satellite imagery of Earth, which has proven use- 
ful in a wide variety of national and international disciplines. Land remote sens- 
ing data is required by agricultural firms, geologists, urban land use planning, and 
environmentalists. 


Industrial services 

The Space Station will also generate opportunities for providing utility ser- 
vices to the nation’s industries or to other users of the Station. Industrial services 
will be sought when the Space Station infrastructure is mature enough to support 
commercial activities in space for extended periods of time. Examples of such 
services are: power generation, habitation features (such as crew accommoda- 
tions, recreation facilities, and food preparation), medical care, personnel ser- 


Introduction to Utilizing the Space Station 
15 April 1988 @ Page 27 


(Chart showing various opportunities for Materials Processing — coming) 


vices, and rent or sale of standardized modules that may be attached to the Space 
Station complex or free-flyers. 


Program Selection and Sponsorship 


Sponsorship options 

Sponsorship options for users of the Space Station Program are the same as 
offered by earlier programs. Each user class is assigned a sponsor Program office 
within NASA. The Office of Space Science and Application (OSSA) will select 
science users in traditional discipline areas such as materials processing, life 
sciences, astrophysics, and environmental observation. Selection of technology 
development users is the responsibility of the Office of Aeronautics and Space 
Technology (OAST). Commercial cooperative users are sponsored by the Office 
of Commercial Programs (OCP). All reimbursable users (both commercial and 
other government users) will be the responsibility of the Office of Space Station 
(OSS). The addresses for these offices are listed in Appendix 4. Each NASA of- 
fice will be responsible for maintaining a selection process that allows them to 
determine which programs will help them achieve their goals. 


User selection 

The user selection process is based on the available Space Station resources 
within each NASA Office. Most of the currently defined user classes, with the ex- 
ception of commercial users, have peer review systems in place to determine what 
payloads they will develop and fly. The organization representing each user class 
selects individual users and determines their resource “envelope”, which is the 
sum total of all resources available for payload operations at a given time interval. 
Payloads are selected not only for their technical or scientific merit, but also for 
their ability to function with minimum interference to other payloads and for their 
compatibility with a specific class of payload. 
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Science and technology users selection process 

The standard selection procedure for science and technology users involves 
the periodic issuance of announcements of opportunity (AOs), which request the 
submission of proposals for a specific area of research. AOs are distributed 
through NASA mailing lists and are published in Commerce Business Daily. The 
AO will specify the range of subjects appropriate for proposals, the proposal for- 
mat required, where to send proposals, the deadlines involved, and the selection 
schedule. Some AOs have a specific deadline, others are open ended and are 
reviewed periodically. 

Users may also submit an unsolicited proposal, which is any proposal not 
prepared as a direct result of a formal NASA solicitation. NASA issues notices 
from time to time that describe ongoing programs and areas of activity ap- 
propriate for unsolicited proposal submission. Unsolicited proposals need not be 
submitted in a particular format. However, all proposals must contain sufficient 
scientific, technical, and budgetary information to allow a thorough and equitable 
review. NASA is under no obligation to respond to unsolicited proposals and may 
consider them only as correspondence. 


All solicited and unsolicited proposals are formally reviewed by an outside 
panel of peers for scientific merit, programmatic relevance, feasibility, and 
resource requirements. Following an internal review cycle, the Associate Ad- 
ministrator of the sponsoring office will select investigations for definition studies. 
This process of review and selection requires approximately one year to complete. 


Commercial and reimbursable users selection process : 
Commercial and reimbursable users are not solicited by AOs. These users 
may learn of Space Station Program opportunities for research and development 
through the Office of Commercial Programs’ outreach activities, which include 
conferences, target visits, advertising, and articles in trade journals or the general 
press. Potential users may also contact the Office of Space Station on their own 
initiative, and will be directed to an appropriate sponsor for further information. 


Commercial and reimbursable agreements 

In the Shuttle era, several types of agreements were used between NASA and 
commercial or reimbursable customers. These agreements, or new agreements 
based on these, will be used by the Space Station Program. 


Space Shuttle Launch and Associated Services Agreement. This agreement 
provides launch and associated services to commercial and foreign customers 
on a reimbursable basis. Launches are provided at a fixed price plus escala- 
tion from a base pricing year for standard services. Optional services are 
available at extra charge. All services are paid for by the customer prior to 
launch. 


Space System Development Agreement (SSDA). The SSDA provides launch and 
associated services to commercial customers on a delayed reimbursable basis 
for those customers that offer an important and unique use of space not yet 
available. The customer agrees to pay NASA for launch and associated ser- 
vices after the launch has occurred and the customer has begun to receive 
revenues resulting from the launch. 

Joint Endeavor Agreement (JEA). The JEA is a cooperative agreement in which 
NASA and a private firm share common objectives and risk. JEAs are used 
primarily to encourage private ventures in space and to demonstrate the 
potential benefits of space technology. After a JEA is negotiated, the com- 
pany develops the appropriate hardware to perform a selected space experi- 
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ment or technology demonstration in orbit ‘at its own expense. NASA 
provides the flight opportunity at no cost to the company except for certain 
optional services outside the scope of services normally available to JEA ex- 
periments. The company is allowéd to retain certain proprietary rights as a 
result of the JEA, particularly non-patentable information that yields a com- 
petitive edge in the eventual commercial marketing of any product which may 
result. NASA does require certain data to evaluate the significance of the 
results of the JEA and stipulates that any promising technologies be applied 
commercially within a reasonable amount of time or the results published. 
NASA retains rights to transfer the resulting proprietary data from a JEA to 
the public domain. 


Small Self-Contained Payload (SSCP) Launch Services Agreement. The SSCP 
agreement provides conformance between NASA and the customer to fly 
SSCP experiments (known as “get-away special” (GAS) payloads on the 
Shuttle). The GAS program provides inexpensive access to the space en- 
vironment for a wide variety of users. Users fly self-contained “GAS cans” in 
the payload bay of the Orbiter on a space available basis for a fixed price. An 
important aspect of this agreement is the absence of a NASA requirement for 
the GAS customer to indemnify the government against third party liability 
claims. This allows access to the GAS program for the widest and most 
diverse customer base possible, including schools and individuals. 


Technical Exchange Agreement (TEA). In a TEA, NASA and a private sector 
company agree to fund their respective participation in a program. NASA 
gains the expertise of the company’s private research capabilities and in turn, 
allows the company access to NASA research and facilities. NASA facilities 
such as wind tunnels, microgravity drop tubes, and aircraft flights are avail- 
able for commercial use through TEAs. 

Industrial Guest Investigator (IGI) Agreement. An IGI agreement provides the 
terms for an individual from private industry to cooperate with a NASA- 
sponsored principal investigator on a space research project. The IGI col- 
laborates with NASA at the company’s expense and becomes a member of 
the investigative team, bringing private sector expertise and insight to the re- 
search project. 


Pricing 

NASA is currently investigating various methods for pricing and allocating 
the resources of the Space Station base to commercial reimbursable users as well 
as science, technology, and cooperative commercial users. A potential com- 
ponent of this policy will be the use of mechanisms which allow users to select 
priority levels for delivery of Station resources. In addition to recovering govern- 
ment-funded Station costs, Station resource prices might reflect the user’s evalua- 
tion of benefits or willingness to pay. The pricing policy may also allow for the 
long term commitment of prioritized resources to users in such a manner as to 
allow and encourage efficient use and voluntary exchanges of Station resources 
among users. 

When pricing policy is finalized, it will be published as a separate document. 
See Appendix I for more information on Program-to-user documentation. 
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IV. SPACE STATION OPERATIONS 
AND USER INTEGRATION 


The Space Station Program is committed to developing manageable and safe 
procedures that promote the basic goal of productive and flexible operations for 
the Space Station’s user community. Space Station operations planning processes 
are currently being defined. The Space Station Operations Task Force (OTF) 
developed an operations framework which meets the Program objectives of safe 
and user-friendly operations, supports international participation in the operation 
of the Station, and addresses long term issues for furthering science and technol- 
ogy development. The overview of the user integration process precested here 
has been adapted from the OTF’s report and describes the organizations and 
strategy for user selection and integrating user requirements and payloads into the 
Space Station Program. 


User integration scenario 

The user integration scenario describes the proposed flow of activities and 
milestones for integrating an investigator’s payload onto the manned base of the 
Space Station. The operations concept for platform integration is similar, but the 
differences are not discussed here. The integration process is designed to be 
“user-friendly” to accommodate the divergent needs of users from different func- 
tional and demographic groups. This scenario depicts activities likely to be en- 
countered by users of U.S. Space Station resources. The Partners will select and 
integrate users of their resources according to their own policies. 


The procedures described below are typical of a “standard” integration cycle. 
A certain percentage of the Program’s capabilities will be reserved for quick-in- 
tegration (so-called “quick is beautiful”) payloads, which require expeditious 
launch to respond to a unique or short-lived research opportunity. Information 
about the various opportunities for quick integration can be obtained from the Of- 
fice of Space Station. 


Space Station Resource Distribution 

User integration begins with the distribution of the Station’s resources among 
the Partners and the NASA user sponsors. A control board, chaired by NASA 
and staffed by NASA and the Partners, will be responsible for dividing the Station 
resources available to users (as opposed to the resources required to maintain the 
Station and crew). 

Each Partner will be free to select users as it sees fit within the resource en- 
velope allotted to them. In the U.S., a Space Station User Board (SSUB), consist- 
ing of representatives of each class of user, will divide the U.S. allocation among 
the various disciplines that use the Station. 


Proposal review 

Any user who is interested in utilizing the Space Station Program is en- 
couraged to submit a formal proposal. Each proposal will then undergo a series 
of reviews to determine its compatibility with the sponsoring office’s goals and 
resource allocation, and the objectives and constraints of the Program. Reimbur- 
sable users will be reviewed only to ensure that the proposed payload will not con- 
travene any limitations placed on the Space Station Program. The SSUB will 
review the payloads that have passed this milestone, and then gather additional in- 
formation for a feasibility assessment. 

Institutional operations offices will support the feasibility assessment to verify 
that the candidate payload will meet crew interface and safety standards and can 
be supported by the logistics, transportation and information systems. The SSUB 


Introduction to Utilizing the Space Station 
15 April 1988 @ Page 31 


will then give the results of the feasibility review back to the sponsors, who will 
then formally select their payloads. 


Request for flight 

Following selection, the user prepares a Request for Flight (RFF), which will 
be similar to the STS Form 1628 (formerly called STS Form 100). The RFF out- 
lines the user’s anticipated demand for Station resources, the location of the 
payload on the Station, the desired flight dates, and payload priority. For com- 
mercial users, the RFF will also cover insurance provisions, the involvement of a 
payload scientist on board the Station, and any other issues which must be con- 
sidered to permit planning and pricing of the activities. Based on this informa- 
tion, the sponsor will provide the user with a “best effort” commitment to the 
costs which the user must pay for access to the Station and its resources. In turn, 
the user will review the restictions and requirements that the Program will impose 
on the payload and its activities. 

After the user and the sponsor sign off on the terms of the RFF, the form is 


U.S. LAB MODULE 


CHEMICAL VAPOR: - B} = —_ 
TRANSPORT : MATERIALS PROCESSING | 


EXPERIMENT : ; ; AS GLOVEBOX 


Hi. «3a : aSiead  : GLOVE/MANIPULATOR § 
MATERIALS HANDLING 
ELEMENT CONTROL LIFE SCIENCES AND PROCESSING 


WORKSTATION 1.8m CENTRIFUGE 


+ SYSTEMS/PAYLOAD + ARTIFICIAL GRAVITY FOR 
COMMAND AND CONTROL LIVING SPECIMEN 


MAINTENANCE ; 
WORKSTATION ; : 
+ MAINTAIN REPAIR ‘ i CONTINUOUS FLOW: 
SPACE HARDWARE : é ELECTROPHORESIS 
BIOSPECIMEN : SYSTEM 
LIFE SCIENCES HOLDING FACILITIES LAB SCIENCES S BIOLOGICAL: MATERIAL : 
GLOVEBOX WORKBENCH 
+ BIOLOGICAL CONTAINMENT SPECIMEN + MAINTAIN: REPAIR 5 


The U.S. laboratory module will have numerous accommodations to support a wide variety of scientific 
experimentation. 
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submitted to the SSUB for review. The SSUB examines the payloads selected by 
each class of user to ensure that the requirements of the total complement 
selected by each class are compatible and do not exceed the allocated resources. 
Payloads accepted at this point are then forwarded for consolidation with 
payloads approved by the other Space Station Partners. After final approval, all 
payloads will be entered in the Space Station five-year plan, giving the users a 
commitment to fly on the Station during a particular calendar quarter, though a 
specific date will not be specified. 


Payload assessment and development planning 

After the user has received a flight commitment, the sponsor will initiate 
payload development. At this point, the user will become a member of the Space 
' Station User’s Working Group, which represents the interests of all the users in 
the program. 

At the same time, the user will be assigned a Payload Accommodation 
Manager (PAM), whose primary responsibility is to serve as the user’s interface 
with the Program. PAMs will be highly qualified individuals, generally having a 
utilization-oriented background. They will be selected from the various NASA of- 
fices, NASA Centers, or the Partner support centers. 

The PAM will be the user’s single point of contact and will provide all re- 
quired support to the user from the Space Station Program. The PAM’s respon- 
sibilities include: 

@ Coordination of user requirements with Space Station element 
accommodations (including Partner-provided elements) and transportation 
and data systems offices 

@ Support of the activities at the payload development center 

e Coordination of the development of Program-provided payload support 
hardware and software 

@ Coordination of measures to protect proprietary operations and information 

e Support of payload integration activities 

@ Monitoring of payload resource utilization. 


The PAM will also work with the user to develop formal user-to-Program 
documentation, such as the Payload Integration Plan (PIP), specifying the user’s 
requirements and responsibilities for all phases of his involvement with the 
Program. The user’s sponsor may assign an experiment development engineer to 
assist the investigator in designing and developing his payload. The user may also 
be assigned to a Science and Technology (S&T) Center for development support. 
S&T Centers will be established by the NASA offices and other sponsors to 
provide expertise in a particular area of Space Station utilization. 


Design and safety reviews 

NASA design and safety practices are fairly standard. A number of formal 
reviews are held during the instrument development phase. The design is control- 
led by specifications that will contain all of the requirements to which the design 
must respond. 

The PAM’s first responsibility will be to arrange for an initial (Phase Zero) 
safety review. Then the user, the sponsor and the PAM work together to as- 
semble a development plan for the user’s payload and the associated operations 
procedures and ground facilities. While an S&T Center may provide support, the 
PAM will monitor payload development to ensure compliance with standards and 
schedules. 


It is Program policy to encourage all involved user and Program personnel to 
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report any problems and concerns promptly. Failure to do so may impact experi- 
ment support or have consequences on future support to the user. 


Ground facility development 

In addition to developing the payload, an investigator will need access to 
ground facilities to develop procedures for monitoring and operating the payload 
during flight. Many payloads will be operated by telescience, the process by 
which users on the ground directly interact with their remotely located payload. 

Most users will be assigned to a Discipline Operations Center (DOC) by their 
sponsor or S&T Center. The DOC will coordinate the ground-based operations 
of its members during flight preparation and execution. If desired, users may 
build their own facility that will link up with the Station and be coordinated with 
other users via the DOC. Users who operate their payloads in or via a DOC will 
be referred to as “discipline users”. Some users, particularly commercial 
proprietary users, may develop independent facilities that interact with the Station 
directly. These users will be called “direct users”. 


Integration of user’s requirements into the TOP 

Approximately 24 months before flight (at or near the payload preliminary 
design review), the payload will be assigned to a specific flight increment within 
the Tactical Operations Plan (TOP). The TOP covers a two year period and 
manifests users to specific flight increments (a flight increment is the period of 
time between STS visits to the manned base or between OMV servicing visits to a 
platform). 


To be entered in the TOP, the user must define his Station requirements to 
the point where they can be coordinated with those of other users. The PAM will 
arrange for the next series of reviews, including a Phase One safety review, with 
each of the operations offices involved in supporting the user’s payload. Once this 
round of assessment has taken place, the payload will be assigned to a new flight 
increment within the TOP. 

A user must enter the Program planning process at this point if the payload 
requires a “complete” range of Station resources. This is particularly important if 
the payload requires significant crew time or power. Because of planning con- 
straints, quick-integration users who enter the increment after this point will be 
restricted with regard to resources and the range of payloads they can implement. 
For instance, crew specialization and composition is determined soon after the 
release of the TOP, and crew user training begins at approximately 18 months 
before launch; as a result, major new crew operations cannot be added to the 
operations plans once the crew has been assigned and detailed. 


Increment operations planning 

Once the TOP has been approved, an increment change manager is assigned 
to oversee all of the planning, operation and integration activities involved in im- 
plementing a specific increment. The TOP will assign primary Station operations, 
maintenance and servicing activities to weeks within the flight increment, but will 
not provide detailed timelines or operations directions. It is the increment change 
manager’s responsibility to see that these timelines and operations directives are 
developed. 


Once a user has been assigned to a particular flight increment, he joins other 
investigators for that increment in an investigator’s working group (IWG), which 
will be directed by an increment scientist. This group will work together to par- 
ticipate in execution-level planning based on the contents of the TOP. Although 
the IWG will consist of representatives from each user, in practice the majority of 
these coordination activities will be handled by the [WG increment scientist and 
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the PAMs on behalf of the users. 


Flight increment planning process 

The user’s payload must pass the 
preliminary design review and the 
Phase Two payload and safety review 
before undergoing a final operations 
assessment by all offices involved in 
accommodating the payload. The 
user’s PAM and sponsor organiza- 
tion will support this assessment as 
required. 

After the final operations assess- 
ment, the user will be ready to par- 
ticipate in the development of flight 
increment plans. The plan identifies 
specific scheduling constraints, crew 
skills and work load, and specific 
maintenance and servicing require- 
ments. It also assigns the user a par- 
ticular envelope of resources, such as 
crew time, data transmission, power, 
and data storage. 

The planning process continues 
until the flight increment plan is 
finalized one year prior to the launch 
that initiates the flight increment. 
The plan then becomes the basis for 
the increment operations planning 
process. These plans are refined 
continuously until six weeks prior to 
the launch; changes occurring after 
this time are considered part of the 
“replanning” process that continues 
throughout the increment. 
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The user is responsible for train- Overview of the Space Station user integration process. 


ing the Station crew and NASA 


ground personnel to operate and maintain the payload. The user must explain the 
payload’s scientific background and experiment objectives, familiarize the crew 
and ground personnel with the experiment systems, and teach the crew the opera- 
tions plan for the payload. The user will also be responsible for training any 
necessary staff to operate the payload from the ground. 

These activities will occur at the investigator’s site and the ground facility. If 
the user will be providing a payload scientist (a user-provided astronaut), this per- 
son will be instrumental in the training function. In some cases, the payload’s 
NASA sponsor may coordinate training activities. 

Selected users with particularly complex payload execution requirements will 
be asked to deliver two high-fidelity copies of the payload and any related 
software to the Program for use in simulation and training activities. These 
models will “migrate” as needed through Program simulators. 

The user will also undergo training provided by the Program, along with the 
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crew and other users. This training will familiarize the user with the command 
procedures for normal and contingency situations, describe the transaction 
management system used to ensure that user operations do not conflict with one 
another, and verify that the ground facility is operational prior to launch. If a 
payload scientist will operate the payload on the Station, this individual must be 
trained in Station habitation, health maintenance, and crew systems operation. 


Payload integration and logistics operations 

Prior to launch, the user’s payload must be integrated into experiment racks 
or other carriers and the racks into one of the logistics modules or external pal- 
lets. Payloads may be integrated into racks either at the S&T Center which has 
supported the user, at the launch site, or at integration facilities provided by the 
Partners in the U.S. or abroad. The location of rack integration depends both on 
the terms of the PIP and on the location where the payload will be installed on the 
Station. 

The Logistics Operations Office will make storage and preservation facilities 
available to the user according to terms established in the PIP. The facilities will 
support user payloads from the time they are delivered to the launch site until 
launch. If the user will be sending any supplies or spares along with the payload, 
this must also be coordinated with the Logistics Operations Office. 


Pre-launch processing 

Once the racks and other equipment have been integrated into the logistics 
module or pallet, the Program hands the module and any other carriers over to 
NASA’s Office of Space Flight (OSF). OSF integrates the modules into the Shut- 
tle or other launch vehicle and is responsible for the module from that time until it 
has been off-loaded to the Station. If the user requires late access to the payload 
(for feeding of laboratory specimens, handling of fragile substances, or last- 
minute loading of experiments), the PAM will arrange for that access. OSF is 
responsible for overseeing and executing late access requirements. 


On-orbit checkout and verification 

After the launch vehicle has docked with the Station and the logistics module 
has been unloaded, the Space Station crew will install the new racks and equip- 
ment. Once the user’s payload is in place, it must undergo an on-orbit checkout 
to ensure that it is functioning properly. The order in which systems and payloads 
are checked out is determined prior to launch as part of the flight increment plan- 
ning process. From the ground facility, the user will issue the commands required 
to complete checkout and verification, and will oversee the activities of the crew. 
If the user desires, the crew will perform the entire payload checkout procedure, 
freeing the user from the responsibility. Once the payload and systems checkouts 
have been completed, increment operations can begin. 


Daily replanning process 

The increment operations plans provide a timeline for the entire increment. 
However, detailed crew integration planning is provided only for the periods in- 
volving launch vehicle transfer operations or other activities requiring complex 
crew/ground interaction. Planning for routine operations during the increment 
will be coordinated on a daily or weekly basis by the planning teams. If there are 
any changes to the planned resource envelope, the investigator’s working group 
coordinates changes to individual user plans. Under the direction of the incre- 
ment scientist, user representatives will negotiate new resource and time en- 
velopes for integration with Station systems replanning. 
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Inflight operations 

While the payload is in orbit, the user must send commands for operations 
from the ground facility and oversee any actions taken by the Station crew. The 
user is also responsible for monitoring the status of the payload to ensure that it 
remains in safe operating mode. The Payload Operations Integration Center 
(POIC) will also monitor all user operations to ensure that they conform to the 
operations plan and to detect any changes or trends that could be hazardous or 
detrimental to the Station or other user operations. 

The user will receive data from the payload while it is operating on orbit. 
This data will allow the user to determine whether the payload is functioning as 
planned, or whether changes in hardware, specimens, or plans is necessary. Re- 
quests for changes or additional resources can be relayed through the IWG as 
part of the daily replanning process. 

It is the sole responsibility of the user to coordinate correction of an inflight 
failure, unless Station systems are suspected of causing the failure. The user may 
- develop a payload inflight servicing plan prior to flight which must be performed 
by the crew. Any changes in the user’s operations must be approved within the 
IWG and by the POIC prior to implementation. 


Continuing operations 

If the user’s payload will operate for more than one increment, any changes in 
resource requirement must be included in the plan for the next increment. These 
changes must be approved before the start of the next increment. 


Payload shutdown 

When the user’s operations have ended and the payload is to be returned to 
Earth, it must be shut down for safe rack deintegration. Shutdown is ac- 
complished through ground commands and by crew actions if dismantling is re- 
quired. It is the responsibility of the user to ensure that payload specimens or 
results remain in good condition. 


On-orbit storage 

Some payloads will operate only periodically. Storage area on the Station is 
severely limited, making storage of such payloads a problem. Currently, the only 
way to make periodic observations is to fly the instrument, return it to Earth, then 
fly it again as necessary. Since this is not a cost effective method for larger 
payloads, the possibility of leaving inactive payloads on the Station is being con- 
sidered. An on-orbit material retention policy will be used to determine what 
materials may be left on-orbit to provide value or utility for future missions. 
Materials left on-orbit must be contained and not be a source of hazard or con- 
tamination to Station operations. 


Payload pickup 

Following the return of the payload to Earth, the user will pick up the payload 
at the original integration site, or will have the payload delivered to the develop- 
ment site. If the user requires, the Program will allow the user to retrieve the 
payload at the STS landing site. The timing, location and service fees associated 
with the pickup, as well as the means of transportation, will be negotiated as part 
of the PIP. 


User debriefing 

When the user’s operations for a given payload have been completed, the user 
will undergo a debriefing involving the sponsor, the PAM, and the Program of- 
fices involved in accommodating the payload. Information gathered during the 
debriefing will be used by the Program to improve its services and interfaces, and 
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by the sponsor to determine the utility of the Station in fulfilling its goals. 


Post-mission reports 

The final requirement placed on NASA-funded investigators is the submittal 
of a formal report describing the results that were found for the experiment and 
the problems encountered during the mission. The results of an experiment may 
identify problems that the investigator would like to pursue on future missions or 
other areas of investigation for followup studies. New proposals may be sub- 
mitted for a reflight of an experiment or for any other type of proposal an inves- 
tigator may conceive. NASA continues to support each investigator throughout 
the various developmental and operational phases to ensure that experiments cap- 
ture the greatest possible scientific return. Problem reports will help to point out 
areas where the facilities or interfaces can be improved. 


Data Archiving 

Some users (particularly science and technology users) will archive data to 
make it available to other investigators within their discipline. Unless otherwise 
negotiated as part of the PIP, archiving of payload data will be handled by the 
sponsoring organization. 


APPENDICES 


Appendix 1. Program-to-User Documentation 

The Space Station Program is a large and complex program which will 
generate a large amount of documentation. Users must become familiar with 
much of this documentation in order to make proposals, design and build 
payloads, specify training and operational requirements, and perform many other 
functions to meet their investigative objectives. 

In order to facilitate a smooth flow of information from the Program to users, 
all Space Station Program-to-user Space Station documents fit into a single, 
unified structure which is loosely tied to the involvement of the user as he progres- 
ses to increasing degrees of involvement with the Program. The documents are 
broken into several categories. This document fits into Category 2, as described 
below. 


Category — Application 

1 General Public Information — Wide distribution glossy material for anyone 
having an interest in the Space Station Program. 

2 General Solicitation of User Interest — Marketing-type information. for 
soliciting interest from all categories of possible users. 

3 Programmatic Utilization — Information needed to ascertain the utility and 
competitiveness of the Station for a particular application. Permits a 
prospective user to make engineering, financial and management determina- 
tions of whether to seek Space Station resources for the performance of a 
proposed activity and to accurately estimate the complexity, schedule and 
resources required to operate a payload using the Space Station. 

4 Technical Utilization — Information required to develop, test and certify 
payload equipment, get it launched, operated aboard the Station, and 
returned. 

5 Payload-Specific — All joint user/Program documentation required to plan 
and conduct successful and contingency payload operations during a mission 
interval. 


6 User-to-Program — Documents the Program will require from the user at 
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various stages of the user’s involvement with the Program to properly in- 
tegrate and operate the user’s payload. 

7 Experience — Questionnaires and narratives by Program personnel who inter- 
face with users describing their mission experience, with a focus on problems, 
how they occurred, how they were resolved, and how such problems might be 
mitigated or prevented in the future. This category will contain Lessons 
Learned reports (completed by Program personnel or user sponsors from 
each mission interval design process). In addition, the actual operational ex- 
ecution of the mission plan on the Space Station will be published by the 
Program as an aid to future users. 


The above categories are in general order of increasing detail, but are not 
strictly in the order of when each set of documentation would be provided to a 
specific user or prospective user. For example, some mission-specific documenta- 
tion, such as a current payload manifest, might be given to a user before detailed 
interface specifications. 

Program-to-user documentation is available from two sources: a centralized 
repository of printed documents where all publications pertaining to the Space 
Station may be ordered, and electronically; documentation is indexed and avail- 
able for computer subject searching via the Space Station Technical Management 
and Information System (TMIS). 

As a next step in the involvement of users with the Space Station Program, the 


following documents may be helpful to users to determine specific Program policy 
and technical information: 


@ Space Station Users’ Guide: Management and Policy. A detailed description 
of the Program’s organization and summaries of the roles and responsibilities 
of each major part of the Program. In addition, this document will contain 
information on the payload developer’s participation in Operations and 
Working Groups. 

@ Space Station Users’ Guide: Technical. Provides prospective users of the 
Space Station with technical information on Space Station performance 
capabilities to assist with the generation of payload proposals and assessment 
of the Station’s technical capabilities to support a given payload. 

@ Space Station Users’ Guide: Reimbursement. Describes the methods for 
determining the cost of Space Station resources and services. 


Appendix 2. Acronym list 

This acronym list is intended to be a comprehensive list of acronyms users 
might encounter during their involvement with the Space Station Program. Not 
all of the acronyms listed were used in this document. 


A&l ...... Assembly and installation 

A&R ..... Automation and robotics 

AACS..... Attitude and articulation control subsystem 
ACS ...... Attitude control system 

ADS ...... Attitude determination system 

ALT ...... Radar altimiter 

APC ...... Autonomous payload controller 
ARC...... Ames Research Center 

ARS ...... Air revitalization system 

ASE ...... Airborne support equipment 
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ASEB ..... Aeronautics and Space Engineering Board 


BLP encsce Authority to proceed 

BIT (634243 Built-in test 

BITE 23 sic5 Built-in test equipment 

BP icine Biological processing 

C3 Seaseeee Command, control, and communications 
CEP sce Communications and tracking 

CAP scswas Crew activity plan 


CE&IS ....Combined elements and integrated systems 
CELSS ....Closed environmental life support system 


CERV..... Crew emergency return vehicle 
CRE oid Customer furnished equipment 
CFS icceaes Cryogenic fluid storage 

CG 6 cenae Center of gravity 

CHX ...... Cabin heat exchanger 

Si | Ore Critical items list 

CMG ..... Control movement gyro 

COF: gsicces Construction of facility 

COP tise Co-orbiting Platform 

CPi aes Containerless processing 

CSR sic Customer support room 

DEC ev iccs Display and control 
DDU...... Data display unit 

DMS. ...... Data management system 
DOMSAT .Domestic satellite 

DSN 5 s0:% Deep Space Network 

EAC ...... Experiment apparatus container 
ECLSS ....Environmental control and life support system 
ECS oienees Environment control system 
EDRS..... European Data Relay Satellite 
ELM ...... Experiment Logistics Module 
BM a eeesan Electromagnetic 

EMU ..... Extravehicular mobility unit 
EOS asae5 Earth Observing System 

BOS. idos3 Electrophoresis operation in space 
EPDS .0%% Electrical power distribution system 
EPS isi sss Electrical power system 

ESA: ois European Space Agency 

ESD: 3s Electrostatic discharge 

BVA sacs Extravehicular activity 

PAB ie sie Flight assignment baseline 

BDF 2.823, Flight data file 

PES osigias First element launch 

Pl siescaad Flight increment 

|S | cae ere Flight increment plan 


FMEA ....Failure modes and effects analysis 
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FOSA..... Flight operations support annex 


FSE 3.5085 Flight support equipment 

FSSR ..... Flight systems software requirements 
BIS: seas Flight telerobotic servicer 

GAS ...... Get-away special 

GEO...... Geosynchronous Earth orbit 

GFE ...... Government-furnished equipment 
GN&C .... Guidance, navigation and control 
GPC. iuses General purpose computer 

GPS. 425054 Global positioning system 

GSEs ciccs Ground support equipment 

GSFC ..... Goddard Space Flight Center 
GSTDN ... Ground Satellite Tracking Data Network 
HSO vases Habitation and Station operations 
ICD ...... Interface control document 

IDD ...... Interface definition document 

IDM ...... Information and data management 
IGA ...... International governmental agreement 
IGSE ..... Instrumentational ground support equipment 
WA. seedy Instrument interface agreement 

TLS ecccee Integrated logistics support (or system) 
ILSP ...... Integrated logistics support plan 

IMs c0s Inertial measuring unit 

IOC sense Initial operational capability 

TPS was Instrument pointing system 

TR a seaeto'ond Infrared 

IRU ...... IVA replacement unit 

ISF 30003. Industrial Space Facility 

TUS sssce0% Inertial upper stage 

IVA. g icces Intravehicular activity 

JDTRS .... Japanese Data Tracking and Relay Satellite 
JEA ...... Joint endeavor agreement 

JEM ...... Japanese Experiment Module 

JLM ...... Japanese Logistics Module 

JSC ....... Johnson Space Center 

KSC ...... Kennedy Space Center 

KW ....... Kilowatt 

LaRC ..... Langley Research Center 

LeRC ..... Lewis Research Center 

|B © Gere Launch control center 

LEO) 5 h:h5': Low-Earth orbit 

LGM ..... Logistics module 

LRU...... Line replaceable unit 

LSSM ..... Launch Site Support Manager 

LSSP aces Launch site support plan 

MCC: asa Mission Control Center (JSC) 
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MED ..... Momentum exchange device 


MET ieies Mission elapsed time 

MFR...... Manipulator foot restraint 

MMD ..... Mobile (servicing center) maintenance depot 
MMS...... Multi-mission modular spacecraft 

MMU ..... Manned maneuvering unit 

MOSST ...(Canadian) Ministry of State for Science and Technology 
MOU ..... Memorandum of understanding 

MPC i 50.55:5 Multiple payload carrier 

MPS ....... Materials processing in space 


MRDB ....Mission Requirements Data Base 
MRMS ....Mobile remote manipulator system 


MSFC..... Marshall Space Flight Center 
MSS ...... Mobile servicing system 
MTC...... Man-tended capability 


MTFF..... Man-tended free-flyer 

NASCOM .NASA communications 

NASDA .. .(Japanese) National Space Development Agency 
NMI ...... Nautical miles 


NMI ...... NASA management instruction 

NSP i539 Network signal processor 

NSTS ..... National Space Transportation System 
OAST..... Office of Aeronautics and Space Technology 
OPT assis Orbital flight test 

OMCF ....Orbiter maintenance and checkout facility 
OMS...... Operations management system 

OMV ..... Orbital maneuvering vehicle 

ORU...... Orbital replacement unit 

OSE. sicoes Orbital support equipment 

OSSA ..... Office of Space Science and Applications 
OTYV  sc4n55 Orbital transfer vehicle 

PACE ..... Physics and chemistry experiments 
PGSE ..... Payload ground support equipment 

Pl ascas sues Payload integrator 

|g ene Principal investigator 

og Vee Program initiation agreement 

PIM scx vss Payload Integration Manager 

PIP eats Payload integration plan 

| ig ES eee Payload 

PLSS dows Portable life support system 

PMC...... Permanent manned capability 

PMP ...... Payload mission plan 

PMS ...... Program management system 

POIC: 665.50 Payload Operations Integration Center 
POCGC aie Payload Operations Control Center 

POP? once: Program operating plan 
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POR zest. Polar-orbiting Platform 


PP sctcvians Polar Platform 

ed id Cae Payload processing facility 

4 ee Payload positioning system 

PSCN ..... Program Support Communications Network 
RCS ...... Reaction control system 

RMS...... Remote manipulator system 

SAIS ...... Science and Application Information System 
SE&I ..... Systems engineering and integration 

SIP’ seiwas Standard interface panel 

SLicecsiass Spacelab 

SEP 33.5 esc Shuttle landing facility 


SMAP ....Software management and assurance program 
SPDM ....Special purpose dexterous manipulator 
SPIAP ....Shuttle payload integration activities plan 
SR&OA .. . Safety, reliability and quality assurance 


SRB sc545 Solid rocket booster 

SS keeesses Space Station (usually manned base) 

SSC verses Space Station complex (SS, MTFFs and Platforms) 
SSDS ..... Space Station data system 

SSE ioiesas Space Station Element 

SSIS ...... Space Station Information System 

SSOC ..... Space Station Operations Center 

SSP .csnx%5 Space Station Program 

SOP eaten Standard switch panel 

SSPE ..... Space Station Program Element 

SSPO ..... Space Station Program Office - 
SSRMS_...Space Station remote manipulator system 
SSSC...... Space Station Support Center 

SUSE c455% Space Station Support Facility 

SSSP ...... Space Station safety program 
SSST...... Space Station system trainer 

STA ...... (Japanese) Science and Technology Agency 
STDN..... Satellite tracking and data network 

STS iicsesis Space Transportation System 

TBD ...... To be determined 

TBS ...... To be supplied 

TCS: gsaeds Thermal control system 


TDAS..... Tracking and data acquisition satellite 

TDASS ...Tracking and data acquisition satellite system 
TOE cist. Transparent data link 

TDR wiases Tracking data relay 

TDRS..... Tracking and data relay satellite 

TDRSS .... tracking and data relay satellite system 

TMIS ..... Technical and Management Information System 
TRS *assx%iee Telerobotic servicer 
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VAB ...... Vehicle assembly building 


VAFB..... Vandenberg Air Force Base 
WP? vncuee’s Work package 
ZES wexcmiews Zero-prebreathe spacesuit 
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Appendix 3. Glossary 


Attached payloads: Payloads located on the Space Station base structure out- 
side the pressurized modules. 

Automation: The ability to carry out a pre-designated function or series of ac- 
tions, after being initiated by an external stimulus, without the necessity of con- 
tinuous human intervention. 


Co-orbit: In the same, or near same, Earth orbit as another object, particular- 
ly with respect to the orbit period. For the Space Station Program, co-orbiting 
object can be assumed to have the same period and eccentricity, but a slightly dif- 
ferent right ascension (i.¢., perfect station-keeping ahead of or behind the Space 
Station). 

Command and Control Zone: The traffic management zone within which the 
Space Station Crew serves as the primary control authority for all approaching 
and departing vehicles. 

Commercial activities: Fully reimbursable use of NASA resources by the 
domestic industry. : 

Commercialization: Encouraging and facilitating domestic private sector ap- 
plications of the products, knowledge or services resulting or deriving from space 
activities. 

Control Zones: Specified regions around the Space Station base that’ define 
the operational boundaries for proximity operations, command and control, 
departure, rendezvous, co-orbiting satellites, non-co-orbiting satellites, and park- 
ing orbits. 

Data Management System (DMS): The onboard portion of the overall Space 
Station Information System (SSIS). 

Element: When spelled lower case (element), the common dictionary mean- 
ing. When capitalized (Element), a Space Station Element or Space Station 
Program Element. 

Emergency: Any unexpected condition or occurrence that can pose an im- 
mediate threat to life and demands immediate corrective action. 

European Space Agency (ESA): An organization headquartered in Paris 
which provides for and promotes, for exclusively peaceful purposes, cooperation 
among European states in space research and technology. ESA member states in- 
clude Belgium, Denmark, France, Italy, the Netherlands, Spain, Sweden, Switzer- 
land, the United Kingdom, and the Federal Republic of Germany. Austria is an 
associate member. 

Extravehicular Activity (EVA): Any operation performed by the crew outside 
the protective environment of the Space Station. 

Flight Increment (FI): The period of time that a given set of users flies on the 
Station; the interval between Space Shuttle supply missions — roughly 45 days. 

Flight Support Equipment (FSE): Equipment used for transport, handling, 
supporting and servicing flight hardware during transport to orbit using the STS 
and deployment of the flight hardware from the Orbiter. This equipment will be 
returned to the ground on the same or a subsequent flight. 

Flight Telerobotic Servicer (FTS): A device attached to a Space Station 
manipulator or the OMV which interfaces with the payloads located on the Space 
Station base, or with payloads located on platforms or free-flyers, in order to 
allow for in situ servicing to be performed from remote locations. 

Free-flyer: A free-flying, unmanned satellite which may be serviced by the 
Space Station system but is not associated with one of the Platforms. 
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Intra-vehicular Activity (IVA): Any task performed by crewmembers inside 
the Space Station. 

Low-Earth Orbit (LEO): TBD 

Maintenance: Modification of a payload, after initial delivery, to correct 
faults, improve performance, or adapt it to a changed environment. 

Microgravity: The low acceleration level experienced in low-Earth orbit; less 
than one-millionth of normal Earth gravity. 

Orbital Maneuvering Vehicle (OMV): A reusable, remote controlled free- 
flying propulsive vehicle capable of transporting payloads between LEO trajec- 
tories. It is designed to be operated from either the Station or the Space Shuttle. 

Orbital Replaceable Unit (ORU): The lowest level of component or subsys- 
tem hardware that can be removed and replaced while on orbit. 

Orbital Transfer Vehicle (OTV): A reusable, remote controlled free-flying 
propulsive vehicle capable of hauling large payloads up to and back from high al- 
titudes. 

Partner: TBD 


Payload: a specific complement of instruments, space equipment, and sup- 
port hardware carried into space to accomplish a mission or discrete activity in 
space. . 

Phase I: The first phase of the Space Station Program, during which per- 
manent, manned capability is achieved. It includes the on-orbit installation of the 
horizontal (transverse) boom, photovoltaic arrays for the generation of 75 kw of 
power, the Flight Telerobotic Servicer, Four pressurized modules, the first incre- 
ment of the Mobile Servicing System, Resource nodes, and two polar Platforms. 


Phase II: The second stage of the Space Station Program, during which the 
solar dynamic power system, the upper and lower booms, the final increment of 
the Mobile Servicing System, and the co-orbiting Platform Elements are added to 
the Phase I Space Station. 

Platform: An unmanned, orbiting, multi-use structure capable of supplying 
limited utilities to changeable payloads and dependent upon the Space Station 
system for its long-term operation. 


Privatization: Shifting to the private sector for the acquisition of goods or ser- 
vices required to conduct NASA programs. 


Proximity Operations: Those operations performed when vehicles are close 
enough that their relative motion may be approximated as linear with little loss in 
performance. 


Robotics: The technology by which machines perform all aspects of an action, 
including sensing, analysis, planning, direction and control, and effecting and 
manipulation, with human supervision. 

Safe Haven: A concept where the Space Station provides a temporary shelter 
for the Station crew for protection against harm during emergencies, including 
situations internal to the Station (such as a fire in a module) and external (such as 
a large solar flare). _ 

Servicing: Activities performed on items or equipment which facilitate or en- 
hance support to operational objectives. 

Space Station: The portion of the Space Station Program intended for per- 
manent habitability and any booms, payloads, or other structures attached to it, 
exclusive of unmanned platforms, free-flyers, and other spacecraft temporarily at- 
tached to the Station for servicing. Synonymous with manned base. 


Space Station Element (SSE): Any of the manned modules, resource nodes, 
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airlocks, logistics modules, truss elements, Mobile Transporter, Flight Telerobotic 
Servicer, attached payload accommodation facilities, servicing facility, solar 
power modules, propulsion modules, unpressurized logistics carrier, Mobile Ser- 
vicing System, or MSS Maintenance Depot. See Element. 

Space Station Program Element (SSPE): Any of the manned Station base, a 
co-orbiting Platform, or a polar Platform. See Element. 

Telescience: the direct, iterative and distributed interaction of remote users 
with their instruments, data bases, specimens and data handling facilities, espe- 
cially where remote operations are essential. 

Terrestrial Space: The area from the base of the ionosphere (about 60 km 
above the Earth’s surface) to the boundary of the magnetosphere beyond which 
interplanetary space is unaffected by the Earth (about 95,000 km in the sunward 
direction to several times this distance in the anti-sunward direction). 

Tracking and Data Relay Satellite System (TDRSS): A system of Earth- 
based receiving stations and geostationary satellites which relay data from the 
Space Station and Shuttle orbiters to Earth. 

User: any individual, group or agency responsible for the development or 
operation of a payload utilizing an element of the Space Station Program. 
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Appendix 4. Contact list 
For more information regarding the Space Station, its resources and 
capabilities, and other general questions, contact: 


Office of Space Station 
Space Station Program Office 


Reston VA Zip-TBD 

(703) 999-9999 

For sponsorship information, contact the Office of Space Station or the an 
appropriate NASA sponsor: 


Office of Space Science and Applications 
National Aeronautics and Space Administration 
Washington DC 20546 : 


Office of Aeronautics and Space Technology 
National Aeronautics and Space Administration 
Washington DC 20546 


Office of Commercial Programs 
National Aeronautics and Space Administration 
Washington DC 20546 


For information regarding sponsorship from one of the Program’s interna- 
tional Partners, contact the appropriate Partner office: 


ESA 
TBD 


Japan 
National Space Development Agency of Japan 
World Trade Center Building 
4-1, Hamamatsu-cho 2-chome, Minato-ku Tokyo 105 Japan 
Phone: 81-3-435-6111 
Fax: 81-3-433-0796 
Telex: J28424(AAB: NASDA J28424) 


Canada 
TBD 


For questions regarding the science activities and objectives of the Space Sta- 


tion, contact: . . 
Space Station Project Scientist 
Space Station Program Office ‘ 
Reston VA Zip-TBD 
(703) 999-9999 


Appendix 5. Index 


TBD — to be indexed after all edits are complete 
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